I. INTRODUCTION Since Federal Communication Commission (FCC) released a frequency band of 3.1-10.6 GHz for commercial UWB applications, UWB technology has gained attention in both industry and academia.
UWB systems have various merits such as lower power consumption and high data transmission rate.
UWB antenna is one of the key elements in UWB systems. Hence, design of UWB antenna has gained attraction in wireless field. Since small antennas are required for portable systems, miniaturization of UWB antenna has become important research topic. Planar slot antennas [1] [2] [3] have become popular among recently proposed antennas due to small size, wide bandwidth and ease of integration with RF front ends. bandwidth. Hence, potential interference from these bands should be avoided for good performance of UWB antenna. UWB filters [4] , [5] have been designed to suppress the undesired bands. However, use of filter increases complexity of overall UWB system. Hence, it is required to design UWB antenna with band-notched characteristics. Various UWB antennas with band-notched techniques have been proposed in literature such as cutting a π-slot [6] , [7] , arc-slot [8] in patch, embedding a tuning stub in slot [9] , [10] , inserting a slit in patch [11] and placing parasitic elements near feed [12] , [13] . However, the time domain analysis of UWB antenna is not analyzed with mathematical expressions. The CPW feed is popular because it has wider bandwidth, lesser dispersion and lower radiation loss than microstrip line.
In this paper, a compact UWB slot antenna is presented with band-rejection characteristic. By A 'C' shaped slot is inserted in the radiating patch of antenna to avoid interference from WLAN and HIPERLAN/2 bands as shown in Fig. 1 . Since the slot is considered as half wave resonator, guided wavelength is used to obtain total length of C-slot. When the length of the C-slot is about half of guided wavelength λ g , the slot resonates at notch frequency f 0 and behaves as short circuit in parallel to input impedance of the antenna. Hence, the antenna does not work in the frequencies around f 0 and it avoids the potential interference from WLAN band from 5.1 GHz to 5.9 GHz. Let, the total length of C-slot [14] is denoted by L slot and it is obtained by The Fig. 2 shows that the measured UWB antenna has three resonating frequencies 3.8 GHz, 6.2 GHz and 8.8 GHz. The photograph of fabricated antenna is shown in Fig. 3 .
III. PARAMETRIC ANALYSIS
The effect of few sensitive parameters on the performance of antenna has been studied. The analysis is done by changing one parameter, keeping all other parameters constant. IE3d simulator is used in this analysis. 
A. Effect of intrusion depth L 2
The intrusion depth L 2 affects impedance matching and bandwidth of antenna as shown in Fig. 4 . It causes more current distribution at bottom part of patch and top edge of ground plane as shown in 
B. Effect of length L f1 of C-slot
If slot height L f1 increases from 3.7 mm to 4.7 mm, the total length of C-slot increases. The notch frequency f 0 of WLAN changes from 5.9 GHz to 5.4 GHz as shown in Fig. 5 . This is mainly due to 
C. Effect of height L 3 at upper part of ground plane
The influence of height L 3 on resonant frequencies and bandwidth of antenna is observed. As L 3 decreases from 7 mm to 1 mm, the value of second resonant frequency decreases as shown in Fig. 6 . The impedance matching at second resonant frequency deteriorates. The impedance matching is better at optimized value of L 3 = 4 mm. Hence, this parameter plays important role in improving impedance match around second resonant frequency. 
IV. RADIATION PATTERN AND CURRENT DISTRIBUTION
The radiation patterns are measured using anechoic chamber. Figs. 7, 8 present co-polarization, cross polarization radiation patterns of the band-notched antenna in both E and H planes at measured resonant frequencies 3.8 GHz, 6.2 GHz, 8.8 GHz. The antenna has figure of eight shaped radiation patterns in E-plane which indicate that the antenna has bidirectional radiation patterns in this plane.
The antenna has stable omni directional radiation patterns in H plane except at 8.8 GHz. The radiation pattern is slightly deviated from omni directional pattern in H-plane at 8.8 GHz. This is mainly due to presence of higher order modes at higher frequencies.
The radiation pattern relates to current distribution over entire operating band. Fig. 9 represents the simulated current distribution at resonant frequencies 3.8 GHz, 5.5 GHz, 6.2 GHz and 8.8 GHz. At 3.8 GHz, the surface current distribution is mainly on feed line, lower portion of patch, outer edge of patch and edges of the ground plane as shown in Fig. 9(a) . Hence, these regions contribute more to radiation. At notch frequency of 5.5 GHz, strong surface current distribution concentrates at the edges of C-slot and flows back to feeding cable as shown in Fig. 9(b) . Hence, the high impedance at the slot changes to nearly zero impedance at feed cable. Hence, there is abrupt change in impedance matching and this impedance mismatch rejects WLAN band. At 6.2 GHz, the X-directed current distribution produces cross polarization in H-plane. 
V. TIME DOMAIN ANALYSIS
Since group delay presents phase linearity in far-field, it is an important parameter in time domain.
Hence, group delay measurement is obtained by keeping two identical antennas at a distance of 20 cm at far-field in face to face orientation. Fig. 11 shows the time domain group delay response. The graph indicates that the group delay variation is within 1 nano second except in notched band. Hence, the antenna has linear phase response and good pulse handling capability. Fig. 12 . FCC indoor emission mask and spectrum of input pulse. Fig. 13 Comparison of input and output pulses. The input waveform represented by equation 3 is shifted in time domain by 2.5 ns to avoid negative time and is shown in Fig. 13 . The normalized power spectral density (PSD) for indoor emission mask is coded in matlab for input waveform mentioned in equation 3 with a time shift of 2.5 ns and is presented in Fig. 12 . The spectrum of input pulse satisfies UWB indoor emission mask specified by FCC from 3.1 GHz to 10.6 GHz as shown in Fig. 12 . The output waveform o(t) is computed by the inverse Fourier Transform of product of H(ω) and spectrum of input signal I(ω) and is given by 
